Objective: The aims of this study were to examine the potential association between sleep problems, symptom burden, and survival in patients with advanced cancer. Methods: A prospective study of 294 patients with gastrointestinal cancer administered questionnaires assessing sleep, depression, anxiety, stress, pain, fatigue, and health-related quality of life. Serum levels of cytokines including interleukin (IL)-1α, IL-1β, tumor necrosis factor α, IL-10, IL-2, and interferon-γ were measured to assess biological mediation between sleep and survival. Survival was measured as time from diagnosis to death. Results: Fifty-nine percent of patients reported poor sleep quality, 53% reported poor sleep efficiency, 39% reported sleep latency greater than 30 minutes, and 45% reported sleeping less than 6 hours or greater than 10 hours. We found a significant association between sleep duration and symptom burden. Shorter sleep duration was significantly associated with higher levels of fatigue (r = −0.169, p = .01), pain (r = −0.302, p = .01), anxiety (r = −0.182, p = .01), depression (r = −0.172, p = .003), and lower levels of quality of life (r = 0.240, p = .01). After adjustment for demographic, psychological, and disease-specific factors, short sleep duration was associated with reduced survival (hazard ratio [HR] linear = 0.485, 95% confidence interval = 0.275-0.857) and there was also evidence for a quadratic pattern (HR quadrati = 1.064, 95% confidence interval = 1.015-1.115) suggesting a curvilinear relationship between sleep duration and survival. Interleukin 2 was the only cytokine significantly related to survival (HR = 1.01, p = .003) and sleep duration (β = −30.11, p = .027). When of IL-2 was added to the multivariable model, short and long sleep (β = −0.557, p = .097; β = 0.046, p = .114) were no longer significantly related to survival, suggesting mediation by IL-2. Conclusion: Sleep duration was associated with symptom burden and poorer survival and IL-2 was found to mediate the association between sleep and survival. Screening and treatment of sleep problems in patients diagnosed with cancer are warranted.
INTRODUCTION S
leep problems have been found to be associated with poor quality of life and increased risk of mortality in the general population, and recent research has also began to show similar findings in those diagnosed with cancer (1) (2) (3) (4) (5) (6) . Quality of life is of utmost importance in patients with advanced cancer and sleep problems are one of the most frequently reported symptoms affecting quality of life in late stage cancer patients (7, 8) . Studies of sleep in people diagnosed with cancer are underrepresented, yet understanding the effect of sleep problems on quality of life in this population is warranted so as to develop evidence-based interventions to improve sleep and quality of life.
Palesh and colleagues (9) observed that poor sleep efficiency was related to poorer survival in women diagnosed with breast cancer. Despite decades of research concerning sleep and mortality, the underlying biological mechanisms linking sleep and mortality remain unclear. Krueger and colleagues (10) (11) (12) concluded, from decades of animal and human research, that cytokines are key sleep regulatory proteins and may be involved in mediating the association between sleep and mortality. Evidence from their team suggests that tumor necrosis factor (TNF)-α and interleukin (IL)-1 stimulate the transcriptional activity of nuclear factor kB (NFkB) and increases sleep duration (12) . In turn, NF-kB promotes the production of IL-2, which has been shown to be somnogenic (12) . In contrast, IL-4 and IL-10 inhibit NF-kB, thereby reducing the duration of sleep (12) . These proteins work synergistically to maintain sleep homeostasis (12) .
In the context of cancer, TNF-α and IL-1β are considered key downstream mediators of inflammation regulating the cascade of cytokines, chemokines, adhesion molecules, matrix metalloproteinase, and proangiogenic activities involved in tumor growth and development of metastases. In contrast, interferon (IFN)-γ and IL-2 have been shown to play a role in cellular mediated immunity; these cytokines have been used to treat some cancer types and extend life (13) (14) (15) (16) (17) (18) (19) (20) . Interleukin 2 is considered a "master regulator" of the immune system, acting as a growth factor for T cells. Sleep may be considered anti-inflammatory; therefore, sleep deprivation may play a role in disease progression in those diagnosed with cancer.
Most human studies that have been conducted regarding sleep and cytokines focused on IL-6 and TNF-α (21) . In a recent metaanalysis, Irwin and colleagues (21) observed that sleep disturbances were associated with higher serum levels of C-reactive protein (CRP) and the cytokine IL-6, whereas short sleep duration was associated with higher levels of circulating CRP but not IL-6. Long sleep duration was also associated with higher levels of CRP and IL-6 (21) . Sleep disturbances and sleep duration were not associated with circulating TNF-α (21) . This meta-analytic study summarized decades of research examining the link between sleep problems and cytokines. The studies included in the meta-analysis used a mixture of methods to assess sleep problems (e.g., selfreport, actigraphy, polysomnography). Importantly, the studies were cross-sectional in design, and only biomarkers of inflammation were included in the meta-analysis.
This prospective study aimed to describe the frequency of sleep problems in advanced cancer patients and their relationship with the most common and debilitating symptoms (e.g., pain, depression, fatigue) associated with quality of life. We expected that shorter sleep duration would be associated with higher symptom burden. We investigated the role of sleep characteristics (e.g., sleep efficiency, sleep duration, sleep quality) and survival while adjusting for demographic, disease-specific, psychological, and behavioral factors. Because of a curvilinear relationship between sleep duration and survival found in the general population, we expected to find a curvilinear relationship between sleep duration and survival as well as an association between poor sleep efficiency and decreased survival. Finally, we examined the potential biological mediators linking sleep and survival in patients diagnosed with advanced cancer. We expected that TNF-α and/or IL-1 would mediate the association between sleep duration and survival.
METHODS

Design and Participants
Patients from two prospective studies conducted at a large tertiary medical center were included in this secondary data analysis (R21CA127046, R01CA176809) (22) . Questionnaires were administered and blood draws were performed at least 7 to 8 weeks after the patients' last treatment so that the changes in sleep and biomarkers were not reflective of acute side effects of treatment. We also administered the questionnaires and performed the blood draws at the same time or within a ± 2-week period.
The Division of Hepatobiliary and Pancreatic Surgery evaluates and treats patients with gastrointestinal cancers including hepatocellular, cholangio, gallbladder, stomach, appendiceal, and pancreatic carcinoma and other primary tumors that had metastasized to the liver (e.g., colorectal, ovarian, breast). These patients were categorized by diagnosis and prognosis into four groups (i.e., gallbladder, stomach, and pancreatic; hepatocellular and cholangio carcinoma; other primary cancers with liver metastases; and neuroendocrine). Patients were enrolled in the studies between January 2008 and June 2011 (R21CA127046) and November 2013 and June 2015 (R01CA176809). The first study included a study that examined the relationship between symptoms clusters and cytokines (22) . The second study was a prospective study examining biobehavioral pathways of stress and disease progression in patients diagnosed with cancer.
The inclusion criteria for both studies were the following: (1) biopsy or radiographic-proven diagnosis of cancer affecting the hepatobiliary or pancreatic system; (2) 21 years or older; and (3) fluent in English. Exclusion criteria included the following: (1) younger than 21 years; (2) evidence of thought disorder, hallucinations, or delusions; (3) chronic steroid use; (4) immunizations in the past months; or (5) infectious illness in the last month. For the purposes of this study, patients who had received a liver transplant or were diagnosed with sleep apnea were excluded from analyses because of differences in survival with these patients. Liver transplant candidacy and a diagnosis of sleep apnea were determined by reviewing the electronic medical record. If the medical record stated that the patient was listed for transplant or had a diagnosis of sleep apnea, the patient was excluded from the analyses. The median follow-up for patients in these studies was 341 days (range = 22-2448 days). Median survival for patients in this study was 1056 days (95% confidence interval [CI] = 632-1480 days).
Instruments
Demographic-, Disease-, and Treatment-Specific Factors Sociodemographic variables were reported on a questionnaire designed specifically for this study, included the patients' age, sex, body mass index (BMI), race, ethnicity, educational level, occupation, income, and health insurance status. Disease-specific and treatment-related information was gathered from the patients' electronic medical record including diagnosis, presence or absence of cirrhosis, vascularity of lesions, medical comorbidities, and vascular invasion. BMI was gathered from the patients' medical record. Survival was measured from the time of diagnosis of cancer until death. Death was determined by the electronic medical record or the Social Security Death Index.
Pittsburgh Sleep Quality Index
The Pittsburgh Sleep Quality Index (PSQI) is an 18-item self-rated questionnaire, which assesses sleep quality and disturbances for a 1-month time interval (23) . The PSQI is composed of seven component scores describing sleep problems (23) . The global PSQI score is a sum of all the component scores. Adequate levels of internal consistency, test-retest reliability, and validity have been reported for the PSQI in patients with cancer (23) . The component scale scores for the PSQI can be found in Table 1 .
Depressive Symptoms
The Center for Epidemiologic Studies-Depression is a 20-item self-report questionnaire designed to assess depressive symptoms (24) . The patient responds on a four-point scale by reporting weekly frequency of depressive symptoms ("rarely," "some days," "occasionally," "most days") (24) . A score of 16 or higher represents depressive symptoms in the clinical range (24) . The Center for Epidemiologic Studies-Depression has demonstrated adequate construct validity and reliability in patients with cancer (25) .
scores indicating more anxiety. The STAI-6 is reported to have good reliability and validity (27) .
Fatigue
The Functional Assessment of Cancer Therapy-Fatigue (FACT-F) subscale is a 13-item questionnaire that is part of the 20-item anemia (FACT-An) module of the FACIT quality of life assessment system (28) . The FACT-F has been extensively used in a range of cancer populations. Scores can range between 0 and 52. For the purposes of this study, higher scores indicating greater fatigue (28) . The FACT-F has been shown to be valid and reliable (28) .
Pain
The Brief Pain Inventory measures both the intensity of pain (sensory dimension) and interference of pain in the patient's life (reactive dimension) (29) . It also queries the patient about pain relief, pain quality, and patient perception of the cause of pain (29) . The Brief Pain Inventory is a widely used instrument that has demonstrated reliability and validity (29) .
Perceived Stress
The Perceived Stress Scale is a 14-item self-report questionnaire of globally perceived stress (30) . Each item is rated for the past month on a five-point Likert-type scale (1 = never to 5 = very often) (30) . The measure has demonstrated adequate validity and reliability in cancer and noncancer populations (30) .
Health-Related Quality of Life
The Functional Assessment of Cancer Therapy-Hepatobiliary (FACT-Hep) (24) was used to assess changes in symptoms and adverse effects of treatment. The FACT-Hep includes both the FACT-General (25) (a 27-item instrument that measures four dimensions of quality of life) and a module with 18 items specific to hepatobiliary disease (24) . The FACT-G has four subscales for a physical (PWB), social and family (SFWB), emotional (EWB), and functional well-being (FWB). The hepatobiliary module (FACT-Hep) includes 18 items that pertain to symptoms of the disease as well as side effects of the treatment (31) . The FACT is one of the most widely used quality of life questionnaires in clinical trials, and both the FACT-G and the FACT-Hep have been demonstrated to be a valid and reliable instrument (24, 25) .
Cytokines
Serum levels of cytokines including IL-1α, IL-1β, IL-2, IL-10, TNF-α, and IFN-γ were measured for the purposes of the present study. The blood draws were performed between 8:00 am and 12:00 am when possible. For serum, blood was drawn into red top vacutainer tubes without anticoagulant and processed in a local laboratory at the University of Pittsburgh upon receipt, allowing more than 30 minutes for clot formation. Serum was then stored for no more than 4 hours and aliquoted and then frozen in temperature monitored −80°C freezers without thaw and thawed once before testing by Luminex. The Millipore mulit-plex kit, HCYTOMAG-60K uses a standard curve range of 10,000 to .064 pg/ml for all cytokines/ chemokines. Standard curve concentrations and minimum detectable concentration (MinDC) were calculated using Milliplex Analyst 5.1 software. MinDC is determined by calculating the lowest detection limit assuming an infinite number of standards run under the same assay conditions. For IL-2, the manufacturer lists the MinDC as 1 pg/ml, intra-assay precision coefficient of variation as 2.1% and interassay coefficient of variation as 6.3%. All zero values were below the minimum detectable concentration for their assay run. Two quality control samples of known concentration ranges are assayed with each set of samples. They represent a lower and middle range of the standard curve. All quality control samples were within the acceptable range supplied by the manufacturer for all analytes on all lots of samples analyzed.
Procedure
Both studies were approved by the University of Pittsburgh's institutional review board. Patients were referred to the study team by their medical team. If the patient agreed to speak to a member of the study team, the individual was explained the risks and benefits of the study and written informed consent was obtained from the patient before completing the questionnaires or blood draw.
Data Analysis
Data were entered, verified, and analyzed using SPSS Version 22 (IBM Corp, Armonk, NY), R Version 2.15.2 (CRAN, http://cran.r-project.org/), and MPlus 7.0 (Muthén & Muthén, Los Angeles, CA). Descriptive statistics were performed to obtain measures of central tendency, distribution, and proportions for each variable. Undetectable cytokine levels were assigned a "0" for purposes of the analyses. The association between sleep duration and symptoms (e.g., fatigue, depression) was examined using Pearson's correlations because of the normal distribution of the dependent variable data. Spearman's ρ correlations were used to examine the association between cytokines and sleep duration. Predictors included in the multivariable Cox regression analyses included factors found to be significantly (p ≤ .05) associated with survival in univariate Kaplan Meier and stepwise Cox regression survival analyses. Due to the U-shaped, curvilinear relationship between sleep duration and survival identified in previous studies, quadratic and linear terms were included in the analyses. The linear term reflects sleep duration, from short too long. The quadratic term (sleep duration (2)) assessed for a potential inverted U-shaped relationship between sleep duration and survival, which has been observed in the general population.
RESULTS
Sociodemographic and Disease-Specific Factors
A total of 294 participants with gastrointestinal cancer (e.g., hepatocellular carcinoma, colorectal cancer with liver metastases) were enrolled in the study. Sociodemographic characteristics can be found in Table 2 . 
Sleep Problems and Symptom Burden
We examined the association between sleep duration and symptoms such as fatigue, pain, depression, anxiety, and overall quality of life. We found significant, but relatively small in magnitude, relationships between sleep duration and fatigue (r = −0.169, p = .01), pain (r = −0.302, p = .01), anxiety (r = −0.182, p = .01), and depression (r = −0.172, p = .003), whereas shorter sleep duration was associated with higher levels of fatigue, pain, anxiety, and depression. We also found a positive relationship between sleep duration and quality of life (r = 0.240, p = .01) with the longer the sleep duration the better quality of life. Daytime dysfunction (1 = never; 1 = once or twice; 2 = once or twice a week; 3 = three or more times a week) 0.9 (0.7)
Sleep Duration and Survival
Sleep efficiency (0 > 85%; 1 = 75%-84%; 2 = 65%-74%; 3 = <65%) 1.1 (1.2)
Subjective sleep quality (0 = very good; 1 = fairly good; 2 = fairly bad; 3 = very bad) 1.2 (0.8)
Sleep medication (0 = not during the past month; 1 = less than once a week; 2 = once or twice a week; 3 = three or more times per week) 0. (Tables 4, 5 ). The variables that were significantly related to survival in univariate analyses were entered into the multivariable Cox regression model. After adjusting for demographic, psychological, and disease-specific factors, short sleep duration was associated with reduced survival (HR linear = 0.485, 95% CI = 0.275-0.857), and there was also evidence for a quadratic pattern (HR quadratic =1.064, 95% CI = 1.015-1.115), suggesting a curvilinear relationship between sleep duration and survival (Fig. 1) .
Using Cox regression, we tested each of the six cytokines that were measured in the serum to determine if they were associated with survival. Interleukin-10 (HR = 0.998, 95% CI = 0.993-1.003, p = .481), IL-1β (HR = 1.00, 95% CI = 1.00-1.00, p = .999), and TNF-α (HR = 0.999, 95% CI = 0.995-1.002, p = .485) were not found to be significantly related to survival. Serum levels of interleukin-2 (HR = 1.01, 95% CI = 1.00-1.02, p = .003), IL-1α (HR = 1.002, 95% CI = 1.001-1.004, p = .008), and IFN-γ (HR = 1.003, 95% CI = 1.001-1.004, p < .001) were significantly related to survival. Due to the non-normal distribution of cytokines, Spearman ρ correlations were used to test the link between sleep duration and cytokines. Serum levels of interleukin-10 (ρ = −0.115, p = .087), TNF-α (ρ = −0.021, p = .759), and IFN-γ (ρ = −0.083, p = .216) were not significantly associated with sleep duration; however, circulating levels of IL-2 (ρ = −0.148, p = .027) was significantly related to longer sleep duration, whereas IL-1 β (ρ = −0.149, p = .026) and IL-1-α (ρ = −0.138, p = .039) were significantly linked to shorter sleep duration.
Interleukin-2 Mediation of Sleep Duration and Survival
Interleukin-2 was the only cytokine significantly related to survival (HR = 1.01, p = .003) and sleep duration (standardized β = −30.11, p = .027) and therefore was tested as a potential mediating factor linking sleep duration and survival using Baron and Kenny's mediational analyses (32) . Using Cox survival analyses, we tested the mediation of IL-2 while adjusting for all factors significantly linked survival (i.e., age, diagnostic group, vascular invasion, depression, and snoring). When circulating IL-2 was entered into the model, sleep duration, including both the linear (β = −0.557, p = .097) and quadratic terms (β = 0.046, p = .114), was no longer significantly related to survival, suggesting mediation (Table 6 ).
DISCUSSION
Although sleep problems have been studied in the context of cancer, few studies have assessed the frequency of sleep problems in patients with advanced cancer, their association with symptom burden, or the underlying biological mechanisms that are associated with sleep and survival (33, 34) . A high rate of sleep problems including poor sleep efficiency and quality, long sleep latency, frequent sleep disturbances, and shorter and longer than average (7-8 hours) sleep duration were observed in this cohort of patients with advanced cancer. These findings were consistent with previous research in that a high rate of sleep problems was reported by patients in the palliative care setting (2, 9, (35) (36) (37) (38) (39) .
We also found that sleep duration, particularly short sleep duration, was associated with higher levels of symptom burden and lower levels of quality of life. Similar to studies in the general population, we observed a U-shaped relationship, suggesting that both short and long sleep duration were associated with poorer survival (40-42). We did not find sleep efficiency to be associated with poorer survival as have others found in patients with cancer using actigraphy (9) . Similar to studies by our team and others, vascular invasion and higher levels of depressive symptoms were associated with poorer survival in both univariable and multivariable analyses (43, 44) .
We observed that longer sleep duration was associated with IL-2, an anti-inflammatory cytokine, and shorter sleep duration was related to the proinflammatory cytokines. This was the first study to our knowledge to observe a mediational role of IL-2 with regard to sleep and survival in any population. Despite decades of animal research involving IL-2, few human studies have been conducted concerning sleep and IL-2 (12). Irwin and colleagues (45) found that sleep deprivation was associated with decreased natural killer (NK) cell number and activity and suppression of IL-2. However, after a night of recovery from sleep deprivation, NK cell activity returned to baseline but IL-2 remained suppressed possibly suggesting the importance of this cytokine with regard to sleep regulation (45). Born and colleagues (46) showed that stimulated ex vivo production of IL-2 is enhanced during sleep compared with when an individual was awake. This effect is not dependent on the circadian rhythm but rather sleep duration (44) . Conversely, sleep loss that occurred in association with partial night sleep deprivation induces decrements in production of IL-2 and NK cells (47, 48) . Our interpretation of the mechanisms linking short sleep duration and survival comes from two disparate literatures. First, Krueger and colleagues (11, 12) have shown that sleep deprivation results in an upregulation of TNF and IL-1, which in turn stimulates NF-kB, which increases the production of IL-2 (Fig. 2) . Moreover, IL-2 has been demonstrated in animals and humans to have a homeostatic effect on sleep regulation (12) . In the cancer literature, exogenous administration of IL-2 is associated with improved survival across multiple cancer types (16, (49) (50) (51) (52) . Therefore, higher levels IL-2 seem to be involved in both the regulation of sleep and increased survival after a diagnosis from cancer.
An alternative explanation may be that IL-2 mediates the association between sleep duration and survival by increasing the production of T lymphocytes and NK cells, which are also associated with increased survival in cancer. Interleukin-2 also improves the function of lymphokine-activated killer cells and tumorinfiltrating lymphocytes, which are all critical in slowing tumor growth and development of metastatic disease (17, 18, (51) (52) (53) (54) . However, some investigators have found that IL-2 decreases T lymphocytes, so further research is warranted (55) (56) (57) .
Because of the curvilinear relationship between sleep and survival that was observed, one explanation with regard to why IL-2 may mediate long sleep duration, which was associated with decreased survival, may come from the studies focused on sleep fragmentation. Studies that have included both self-report and actigraphy to measure sleep have found a correlation between long self-reported sleep duration and sleep fragmentation as measured by actigraphy (58) . Sleep fragmentation has been shown to be associated with higher levels of serum TNF-α, tumor progression, upregulation of oncogenes, and tumor growth in animal studies (59) . However, it should be noted that sleep fragmentation is defined and measured differently across studies.
In the study by Zavodny and colleagues (58), sleep fragmentation was induced for two consecutive nights. The interruption occurred every 2 minutes from the onset of undisturbed stage 2, stage 3/4, or rapid eye movement sleep. The disturbances were caused by a tone series of 1000 Hz generated by an audiometer until an arousal response was observed. If no arousal was noted within 15 seconds, a second tone was sent at 60 to 90 dB lasting 10 seconds (58) . Each tone series was terminated by the technicians upon signs of electroencephalographic arousal or after a total of 11 tones were presented (58) . In the contrast in the study by Hakim et al. (59) , sleep fragmentation in the mice was induced by using a near-silent motorized mechanical sweeper. This method eliminates the need for human or foreign objects touching the animals during sleep. Two-minute intervals between each sweep were implemented during the light period (7:00 a.m. to 7:00 p.m.). Mice were housed in group cages to prevent the isolation stress (59).
Smagula and colleagues (60) reported that sleep problems in men were linked to greater inflammatory burden and the inflammatory markers also mediated the association between sleep duration and survival. Although IL-1β and TNF-α are often referred to as "proinflammatory" cytokines and we observed an association between short sleep duration and IL-1β, these cytokines are pleiotropic cytokines that have receptor families, which help regulate the balance of the inflammatory response. Redundancy is built into the inflammatory cytokine network. Inflammatory cytokines work together to promote and subdue the inflammatory, phagocytic, and coagulatory stages involved in protecting the body and maintaining immune system homeostasis.
Bjurström and colleagues (61) observed in a cohort of patients diagnosed with rheumatoid arthritis that sleep maintenance and depth have a countervailing relationship with evening and morning levels of monocytic production of TNF-α and IL-6, respectively. The findings support the hypothesis of a feedback loop between sleep maintenance, slow-wave sleep, and cellular inflammation that is cytokine specific (59) . However, further research is warranted, particularly in humans, to understand the complex and dynamic associations between sleep, cytokines, and health.
Our study had several strengths including the large sample size, as well as the ability to covary factors associated with cytokines and survival, such as demographic, disease-specific, psychological, and behavioral factors. However, limitations of this study included a sample that was predominantly male and white, most had a diagnosis of hepatocellular or cholangiocarcinoma. However, we found no differences in the type or rates of sleep problems by sex or race. We did find a significant link between diagnostic group (cancer type) and survival but adjusted for this in the survival analyses. Inconsistent with previous research, we found that snoring was associated with better survival. One explanation may be that other studies did not exclude patients with sleep apnea as we did in the present study. Sleep apnea is associated with cardiovascular disease, diabetes, obesity, and poorer survival. We believe that the snoring in the patients included in this study may be secondary to higher BMI. Higher BMI, which is in contrast to cachexia, is associated with better survival in the context of many cancers (62) .
Despite the high correlation between self-report estimates of sleep with actigraphy and polysomnography, the lack of objective measures of sleep was a limitation (63, 64) . A combination of the use of structured clinical interviews and actigraphy is recommended for future research concerning the role of sleep, cytokines, and disease progression in the context of cancer. Sleep diaries may also be used to better quantify daily changes in sleep. Sleep diaries, particularly the Consensus Sleep Diary, are reliable methods to assess insomnia and have adequate agreement with polysomnography data (65, 66) . Sleep diaries have also been recommended to be a useful screening tool for assessment of primary insomnia (67) . Furthermore, the one-time assessment of sleep duration is a significant limitation of these analyses, and future research by our team will include the analysis of our longitudinal sleep data. Finally, it should be noted that we chose the covariates in the multivariable model based on the significant association with survival. Although this is a common practice, Babyak (68) has recommended that covariates be based on theory rather than univariate statistically significant associations to avoid model overfitting.
The clinical implications of this study are noteworthy. Sleep problems, particularly short sleep duration, are associated with greater symptom burden and poorer survival. The development of effective interventions to improve sleep quality is warranted to improve sleep and quality of life and to decrease psychological and physical morbidity in patients with advanced cancer. Although low doses of IL-2 have been shown to improve sleep in healthy individuals, IL-2 administration was demonstrated to reduce lymphocyte
